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Abstract 

Background: Infants and children witin clironic diarrlnea (CD) often require specialized foods or parenteral nutrition 
(PN) to aclnieve adequate nutrient intal<es to support growtli and development. We assessed the efficacy of an 
amino acid-based formula (AAF) in supporting growth and improving symptoms in infants and children with CD 
from multiple etiologies. 

Methods: Two studies were conducted: CD study in children (CD-C) and CD study in infants (CD-I). Each was a 
single group, baseline-controlled study in which each subject served as his/her own control. At enrollment, all 
subjects had CD lasting > 2 weeks and had > 4 stools/day. Subjects were fed an AAF for 80 days starting at SD5, 
and were assessed at SD 28 and 84. 

Results: CD-C: 18 of 19 subjects completed the study. At enrollment, the mean age was 5.6 ± 0.7 years, the most 
common diagnosis was short bowel syndrome (SBS) (n = 13), and 5 subjects with SBS were on PN. Subjects 
achieved significant increases in weight-for-age z-scores (p = 0.026). Over 50% of subjects achieved improvements 
in clinical outcomes targeted most frequently by their physicians. Of the five subjects on PN at enrollment, four had 
substantial weight gain and four had their PN requirements decreased. CD-I: 22 of 27 subjects completed the study. 
At enrollment, the mean age was 3.3 ± 0.3 months, the most common diagnosis was food allergy (n = 20), and no 
subjects were on PN. Subjects achieved significant increases in weight-for-age z-scores (p = 0.0023), significant 
decreases in the number of stools/day (p = 0.001 2), and improvements in stool consistency (p = 0.0024). Over 80% 
of subjects achieved improvements in the clinical outcomes targeted most frequently by their physicians. 

Conclusions: Infants and children with CD fed an AAF for three months displayed significant improvements in 
weight-for-age z-scores and clinical symptoms. Children dependent on PN also grew well and four of five decreased 
their dependence on PN. 

Trial registration: Both trials were registered on ClinTrials.gov (CD-C, NCT01812629; CD-I, NCTOl 820494). 

Keywords: Free amino acid-based formula, Hypoallergenic, Elemental formula. Chronic diarrhea. Short bowel syndrome. 
Malabsorption, Eosinophilic gastroenteritis. Food allergy. Inflammatory bowel disease. Gastroesophageal reflux 
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Background 

The terms chronic diarrhea (CD), persistent diarrhea, and 
toddler's diarrhea are often used interchangeably to de- 
scribe various bowel disorders with multiple etiologies. 
The generally accepted definition is diarrhea lasting at least 
two weeks [1-4]. The causes of CD can be divided into four 
principal pathophysiologic mechanisms: osmotic, secretory, 
dysmotility-associated and inflammatory [4]. There is litde 
data to indicate that the incidence of CD is decreasing, 
however, Bhutta et al. [1] noted that there has been a 
significant reduction in the number of publications on 
the topic. 

Infants and children with CD often require specialized 
medical foods to achieve adequate nutrient intakes to sup- 
port growth and development. Parenteral nutrition (PN) 
may be used [2], but to minimize the risk of complications 
related to dependence on PN, increasing volumes of 
enteral nutrition must be introduced and carefully man- 
aged. Amino acid-based formulas (AAF) can alleviate diar- 
rhea due to food allergies [5,6], although, there is a paucity 
of evidence regarding the use of these formulas to treat 
pediatric patients with other forms of CD. The objective 
of these studies was to assess the efficacy of a specific 
AAF in supporting growth and improving symptoms in 
infants and children with CD from multiple etiologies. 

Methods 

Two individual studies were conducted in subjects with 
CD: Chronic Diarrhea Study in Children (CD-C) and 
Chronic Diarrhea Study in Infants (CD-I). Each study 
was a single group, prospective baseline-controlled feeding 
study in which each subject served as his/her own control. 
Study visits were at study days (SD) 1, 28 and 84. All sub- 
jects received a clinically-labeled AAF that was fed for 
80 days following SD5. The primary objective of the 
studies was to assess the growth of subjects who re- 
ceived the study feeding as the primary feeding for three 
months. Other assessments included formula intake, toler- 
ance of study feeding, stooling patterns and consistency, 
physician evaluation of clinical symptoms, and blood bio- 
chemistry levels. 

Subjects 

Subjects were eligible for enrollment if they met the 
following criteria at enrollment: <12 months of age 
(CD-I), >12 months of age (CD-C), had chronic diar- 
rhea lasting >2 weeks and > 4 stools/day; had been di- 
agnosed with at least one of the following conditions 
where diarrhea is common and AAF may be useful in 
the management of some patients with the condition: 
short-bowel syndrome (SBS), eosinophilic gastroenteritis, 
food allergy, inflammatory bowel disease, pancreatic dis- 
ease, protein maldigestion, HIV-advanced disease, or other 
gastrointestinal disease requiring an elemental diet. Parents 



agreed to give the study feeding as the primary source of 
calories during the study. There was no restriction regard- 
ing the type of feeding prior to enrollment. Feedings were 
given ad libitum. Administration of medications that would 
prevent accurate measurements of tolerance and/or growth 
(e.g., corticosteroids) was not permitted. 

For CD-C subjects: Diets were individualized based on 
clinical condition and nutritional needs. All subjects were 
considered to be clinically stable. Supplemental PN, solid 
foods and beverages were permitted. Additional enteral 
modular supplements could be added to the study for- 
mula if the total calories were increased by no more than 
15%. The study feeding was to provide at least 50% of en- 
ergy during the study. Vitamin and mineral supplements 
were allowed and their use recorded. The feeding dilution 
was modified to meet each subject's individual needs. The 
study feeding was used to replace the primary enteral 
feeding used at baseline and there was no intent to signifi- 
candy change the current feeding regimen. 

For CD-I subjects: No other complete enteral feedings or 
human milk were allowed. Additives to the study feeding 
such as medium-chain triglycerides were allowed but 
were not to increase the caloric density of the study 
feeding by >15%. Solid foods were allowed. Records were 
kept and analyzed to ensure that subjects received at least 
50% of total energy from the study feeding. 

Parents or guardians provided written informed consent 
prior to enrollment. Subjects for the CD-C study were 
recruited and followed as outpatients at two tertiary care 
pediatric gastroenterology clinics in Baltimore, Maryland 
and Washington, DC, and the study protocol was approved 
by the Institutional Review Boards at Johns Hopkins 
Hospital and The Children's Research Institute at Chil- 
dren's National Medical Center. Subjects for the CD-I 
study were recruited from pediatric gastroenterology clinics 
in Baltimore, Maryland; Omaha, Nebraska; and Detroit, 
Michigan, and the study protocol was approved by the 
Institutional Review Boards at Johns Hopkins Hospital, 
University of Nebraska Medical Center and the Children's 
Hospital of Michigan. 

Study feeding 

The study feeding was EleCare' Amino Acid-Based Medical 
Food (Abbott Nutrition, Abbott Laboratories Columbus, 
Ohio) provided in powdered form. The cans and cases 
were clinically-labeled and identified only by clinical 
product number. The investigators were not blinded to 
the formula used in the study. The macronutrient sources 
and nutrient content of EleCare are shown in Table 1. 

Study assessments 

After enrollment on SDl, parents were instructed to 
continue feeding the subject's current feeding from SDl 
through SD4, during which baseline information was 
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Table 1 Nutritional composition of study formula at 20 and 30 kcal/fl oz' 



Macronutrient Source 

Protein equivalent 100% free L-amino acids 

Carbohydrate 100% corn syrup solids 



Content at 20 kcal/fl oz (g/L) Content at 30 kcal/fl oz (g/L) 

20.3 30.1 
72.3 107.0 



Fat 38% high-oleic safflower oil, 33% 32.2 47.6 

medium chain triglycerides, 29% soy oi 

^Values represent label claim. Standard dilution for infants is 20 kcal/fl oz and 30 kcal/fl for children over 1 year of age. Information is given for example only as 
feeding dilutions and mixtures were individualized to meet each subject's needs. 



collected. Study feedings were initiated on SD5, and 
subsequent visits were at SD28 (±3 days) and SD84 
(±3 days). At each visit, parents were given enough EleCare 
to last until the next visit. At SDl, 28 and 84, a physician 
assessment was performed, and subjects were weighed and 
length was measured by trained personnel. Children who 
could stand without assistance were weighed twice to the 
nearest 0.1 kg on a calibrated scale wearing light undergar- 
ments. Height was measured twice to the nearest 0.1 cm in 
the standing position using a measuring board attached to 
a vertical surface. Infants were weighed twice in the nude 
to the nearest 1.0 g on a calibrated electronic scale. Infant 
length and length of young children unable to stand for 
the height assessment were measured twice to the nearest 
0.1 cm with the child in a recumbent position using a 
pediatric length board. A third measurement was taken 
if weights differed more than 0.01 kg or lengths differed 
more than 0.4 cm. World Health Organization (WHO) 
z-scores were determined. Three-day dietary and stool 
records were completed for SDl-4 (baseline), SD5-7, SD25- 
27 and SD81-84. These records included the number of 
stools per day, and characteristics (consistency and fre- 
quency) of the stools, volume of study feeding consumed at 
each feeding, consumption of foods other than the study 
feeding, and incidences of regurgitation (CD-C), spit-up 
(CD-I), and vomiting. For subjects with ostomies, parents 
recorded the volume of stool collected instead of stool 
number, and they did not record stool consistency. Mean 
rank stool consistency (MRSC) was calculated from the 
parental ranking of each stool using a scale of 1 to 5 for 
CD-C (1 = runny, mosdy liquid, 2 = soft, unformed, 3 = soft, 
formed, 4 = hard, formed, 5 = hard, dry) and a scale of 
1 to 4 for CD-I (1 = watery, 2 = loose/mushy, 3 = soft, 
4 = formed). Stool records provided descriptions of each 
stool category to assist parents in accurate recording. The 
MRSC was calculated for each day, and the average of 
these daily means was calculated over the study period. 

At the SDl visit, a physician assessed each subject and 
determined the clinical outcome improvements that were 
to be targeted for each subject. At the SD84 assessment, 
physicians determined if the subject had met the targeted 
goal(s) or improved in other significant ways during the 
study. 

For CD-I subjects, an interval history was conducted 
by telephone on approximately SD56 to determine if any 



adverse events had occurred since the last visit, and if 
there were any changes in medications or nutritional in- 
take since the last visit. 

Hematological measurements 

A blood sample was collected by venipuncture on SDl, 28 
and 84 (CD-C) or on SDl and 84 (CD-I). Measurements 
included hemoglobin, hematocrit, and serum levels of 
albumin, total protein, urea nitrogen and alkaline phos- 
phatase for CD-C and CD-I, and serum uric acid, and 
white blood cell and platelet count for CD-C. Samples 
were analyzed by each site's hospital laboratory using 
standard methodologies. 

Statistical analyses 

CD-C: Each subject served as his/her own control, thus 
the analyses were conducted on subjects who completed 
the study and had SDl and SD84 measurements. Changes 
in continuous variables from SDl to SD84 were analyzed 
using Student's paired t-test or WUcoxon's signed rank test 
for highly skewed distributions. Categorical/ordinal data 
were analyzed using Friedman's chi-square, and weight 
and length were also analyzed using a random coefficients 
model with SAS PROC MIXED. Changes in blood chemis- 
try status levels (within or outside of reference ranges) be- 
tween SDl and SD84 were analyzed using McNemar's test. 
Statistical comparisons were considered significant at the 
0.05 probability level; no adjustments were made for multi- 
plicity of testing. Data are reported as the mean ± SEM 
unless otherwise indicated. 

Results 

CD-C 

Nineteen subjects were enrolled and 18 completed through 
SD84. The one subject who did not complete the study 
was dropped due to acute viral enteritis. The mean age of 
subjects on SDl was 5.6 ± 0.7 years (range 1.2 to 9.6), and 
63% were born at term gestation (Table 2). Some subjects 
had multiple diagnoses, with the most common diagnoses 
being SBS (n = 13; all subjects born preterm had SBS), and 
maldigestion/malabsorption (n = 16). AU children with SBS 
suffered from severe chronic malabsorption (4-20 stools/ 
day) and all had required PN support for a minimum of 
14 months at one time while in the care of the investiga- 
tors. At study entry, eight subjects were consuming a 
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Table 2 Demographic characteristics for subjects enrolled 



in the study in children (CD-C) and in infants (CD-I) 


Variable 


CD-C 


CD-I 




N = 19 


N = 27 


Age at SDl 


5.6 ± 0.7 years'" 


3.3 ± 0.3 months 


Term gestation, n (%) 


1 2 (63) 


20 (74) 


Males, n (%) 


10 (53) 


14 (52) 


Etiinicity, n (%) 






Caucasian 


10 (53) 


24 (89) 


African American 


8 (42) 


2(7) 


Otiier 


1 (5) 


1 (4) 


Diagnoses'' 






Sliort bowel syndrome 


13 


2 


Eosinophilic gastroenteritis 


5 


7 


Food allergy 


5 


20 


Inflammator/ bowel disease 


2 


0 


Maldigestion/malabsorption 


16 


1 


Malnutrition 


3 


2 


Gastroesophageal reflux 


1 


0 


Viral enteritis/Post-infectious 


0 


2 


gut mucosal injury 






Formula Intolerance 


0 


2 



=Mean±SEM. 

^Some subjects had multiple diagnoses. 



casein hydrolysate-based formula, six were on a different 
AAF, four were on a complete pediatric liquid nutritional 
formula, and one was on a complete adult nutritional 
product. Subjects had been receiving their previous feeding 
for a mean of 3.1 ± 0.6 years (range 0.1 - 9.6 years) prior to 
enrollment. Sixteen of the 18 subjects who completed the 
study consumed the study feeding via tube-feeding. 

For the 18 subjects who completed the study, there 
were significant improvements in WHO weight-for-age 
z-scores (p = 0.0260) (Table 3). Mean weight gain increased 
from 16 ± 10 g/day from SD1-SD28 to 18 ± 6 g/day from 
SD28-84 (p = 0.7987). Past weight gain was available for 
15 of 19 subjects for an average of 90 ± 5 days prior to 
study entry. Mean weight gain was 7 ± 2 g/day prior to 
study entry compared with gains of 19 ± 7 g/day during 
the study period (p = 0.0545). 

Three subjects had ostomies, and their mean stool 
volume decreased from 6735 ± 3764 mL/day at baseline 
to 4508 ±2552 mL/day at SD84 (p = 0.2194). For the 
remaining 15 subjects without ostomies, there were non- 
significant improvements in stooling patterns. From base- 
line to SD84, the mean number of stools per day decreased 
from 5.5 ± 1.0 to 4.9 ± 1.0, MRSC increased from 1.5 ± 0.1 
to 1.7 ± 0.2 (Table 3), and the percent of stools that were 
runny, mosdy liquid decreased from 57 ± 9% to 49 ± 11%. 
From baseline to SD84 there were no significant changes 



in the daily volume of study feeding consumed, energy 
intake from the study feeding, or total energy intake 
(Table 3). 

From SDl to SD84 there were significant shifts from 
more to less severe abdominal complaints (Table 3). Over 
50% of subjects achieved improvements in the clinical 
outcomes targeted most frequentiy by physicians (Table 4). 
There were non-significant decreases in the percent of 
days that subjects experienced regurgitation (22 ± 8% to 
13 ± 6% from baseline to SD84), and the percent of sub- 
jects regurgitating on any day (39% to 28%). There were 
no statistically significant changes in blood biochemistry 
values, or in the percent of subjects whose values were 
within or outside normal limits during the study. 

Subset of subjects on PN 

At entry, five subjects with SBS remained dependent on 
PN support in order to meet their overall nutritional and 
hydration needs. Prior to study entry, three of the subjects 
had consumed a different AAF, one had consumed an ex- 
tensively hydrolyzed formula, and one had consumed a 
partially hydrolyzed formula. Four of five had substantial 
weight gain during the study. Four had their PN require- 
ments decreased; three of these four tolerated an increase 
in enteral intake during the study. Their mean weight gain 
was 40.2 g/d during the study, compared with 10 g/d in 
the three months prior to study enrollment. The percent- 
age of energy these five subjects received from PN de- 
creased by 50%, 50%, 26% and 17% and 0%, respectively, 
during the study, while energy from enteral nutrition in- 
creased. Mean calories from PN decreased from 50 kcals/ 
kg/day at SDl to 32 kcals/kg/day at SD 84. Mean calories 
from enteral nutrition were 95 kcals/kg/day at SDl and 92 
kcals/kg/day at SD84. 

CD-I 

Twenty-seven subjects were enrolled and 22 completed 
through SD84. Two subjects never consumed the study 
feeding, one consumed less than 50% of total caloric in- 
take from the study feeding, and two were removed from 
the study early by their parents for reasons not related 
to the study feeding. The mean age of enrolled subjects 
on SDl was 3.3 ± 0.3 months (range 0.7 to 8.4), 74% were 
born at term gestation (Table 2), and the mean birth weight 
was 3184 ± 142 g. The most common diagnoses were food 
allergy (n = 20) and eosinophilic gastroenteritis (n = 7). On 
SDl, 12 subjects were on a different AAF, 13 were on a 
casein hydrolysate, one was on a combination of a dif- 
ferent AAF and casein hydrolysate, and one was on a 
partial whey hydrolysate formula. On SDl, one subject 
had an ostomy, four were tube-fed, and none were re- 
ceiving PN; one subject was receiving PN on SD28 but 
not at SD84 because of an elective colostomy for man- 
agement of Hirschsprung's disease. 



Table 3 Anthropometric, stooling characteristics, intakes and abdominal findings in subjects who completed the study 
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None - absent 


5 (28%) 


14 (76%) 


15 (83%) 


- 


- 


- 


Mild - complaints of nausea or abdominal pain, no change in activity 


8 (44%) 


4 (24%) 


3 (17%) 








Moderate - frequent complaints of nausea or pain, decreased activity 


5 (28%) 


0 


0 








Severe - patient in bed, crying or notably distressed 


0 


0 


0 








Objective Complaints^ 














None - absent 


0 


1 (6%) 


1 (6%) 


5 (23%) 


17 (77%) 


22 (100%) 


Mild - 1 episode of emesis or 1 more diarrhea stool/day than usual 


0 


3 (18%) 


2 (11%) 


1 (5%) 


1 (5%) 


0 


Moderate - 2 to 3 episodes of emesis or 2-3 more diarrheal 
stools/day than usual or 1 of each/day 


3 (17%) 


4 (24%) 


6 (33%) 


5 (23%) 


3 (14%) 


0 


Severe - > 3 episodes of emesis or > 3 diarrheal stools/day 
than usual or 2 of each/day 


15 (83%) 


10 (53%) 


9 (50%) 


11 (50%) 


1 (5%) 


0 


^Initial period was SD1 for anthropometric measurements and abdominal findings, and was the baseline period (SD1-4) for stooling patterns and intakes. 

^Significant Improvement during the study, p<0.01. 

"^Significant improvement during the study, p < 0.05. 

*^Data for CD-C subjects does not Include 3 subjects with ostomies. 

^Mean rank stool consistency based in a 5-point scale for children (CD-Q {1 = runny, mostly liquid, 2 = soft, unformed, 3 = soft, formed, 4 = hard, formed, 5 = 


hard, dry) and 


a 4-point scale for Infants (CD-I) (1 = watery. 



2 = loose/mushy, 3 = soft, 4 = formed). 

^^Significant decrease during the study, p<0.01. 

^Significant improvement for CD-C (p = 0.001) and CD-I (p = 0.0002). 

■"Significant improvement for CD-C (p = 0.005) and CD-I (p < 0.0001). 
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Table 4 Physician-targeted clinical outcomes 


Clinical Outcome 


CD-C 


CD-I 




n = 18 


n = 22 


Decreased stool number 


16 (69%) 


17 (100%) 


Decreased vomiting 


7 (57%) 


6 (83%) 


Decreased gas 


5 (80%) 


4 (100%) 


Weight gain 


18 (83%) 


1 2 (92%) 


ncreased calorie intake 


4 (75%) 


2 (100%) 



Data expressed as: number of subjects at baseline having the outcome as 
target (% of targeted subjects who achieved the targeted outcome). 



From SDl to SD84 WHO weight-for-age z-scores im- 
proved significantiy, increasing from -0.83 + 0.29 to -0.24 ± 
0.20 (p = 0.0023) (Table 3). Mean weight and length gains 
were 21.4 ± 1.8 g/day and 0.77 ± 0.07 mm/day, respectively, 
during the study. From baseline to SD84, the mean number 
of stools per day decreased significantly from 3.5 ± 0.5 
to 1.5 ± 0.2 /day (p = 0.0012), MRSC increased significantiy 
from 2.1 ± 0.1 to 2.7 ± 0.2 p = 0.0024), and total daily en- 
ergy intake was maintained from 110 ± 5 to 104 ± 5 kcal/ 
kg/day at baseline and at SD84, respectively (Table 3). 
There were significant decreases (p < 0.01) in the volume 
of study feeding and energy intake from study feeding 
from baseline to SD84 (Table 3). 

From SDl to SD84 there were significant shifts from 
more to less severe objective abdominal complaints 
(Table 3). For the physician-targeted outcomes, 100% of 
subjects achieved decreases in stool number and gas, 100% 
achieved increased calorie intake and over 80% achieved 
weight gain and decreased vomiting (Table 4). All blood 
analytes were within references ranges at each time point, 
with serum alkaline phosphatase levels decreasing from 
SDl-84, and the remaining analytes increasing (p>0.05; 
data not shown). 

Discussion 

In this prospective, three month feeding study, growth was 
significantly improved in subjects with CD fed EleCare. The 
children had significant improvements in WHO weight-for- 
age z-scores, while the infants had significant improvements 
in weight-for-age z-scores, number of daily stools, and stool 
consistency. There were significant shifts from more to 
less severe abdominal complaints for both groups. These 
findings extend those of Borschel et al. [5] reporting 
growth of a large cohort of infants exclusively fed EleCare 
during the first 4 months of life and those from Sicherer 
et al. [6] reporting that EleCare maintained grovW:h in 18 
children with eosinophilic gastroenteritis and/or multiple 
food allergy. Our findings also demonstrate the efficacy 
of EleCare in improving symptoms in pediatric subjects 
with CD. 

AAFs are used to treat a variety of conditions, including 
diarrhea from food allergies. Over 90% of the infants in 



our study had food allergy. Numerous studies have re- 
ported that AAF supports growth and alleviates diarrhea 
due to food allergies [7,8], and they are preferable to 
extensively hydrolyzed formulas for certain patients [7-10]. 
An additional incentive to use AAF is that allergic re- 
sponses can occur with extensively hydrolyzed formulas 
because they may contain residual peptides that can elicit 
an allergic response in sensitized children [11-14]. Sicherer 
et al. [6] has reported that EleCare was safe for the man- 
agement of 31 children with cow's milk and multiple food 
allergy. We have previously reported a significant decrease 
(p < 0.0001) in the daily number of stools in infants with 
food protein-induced eosinophilic proctocolitis who were 
switched to EleCare [15]. The present study provides 
additional support for the efficacy of EleCare in man- 
aging infants with food allergy. 

Whereas the use of AAF in food allergy is well docu- 
mented, there is a paucity of data related to their efficacy 
in treating CD due to other causes. The recent report by 
Singh et al. [16] that microscopic colitis is present in 
some children with CD suggests that AAF may also be 
efficacious in alleviating CD in children with this patho- 
logic condition. The study cohort in the CD-C trial was 
unique in several ways. Most of the children enrolled had 
complex gastrointestinal disease with severe fluid and nu- 
trient malabsorption. Sixty-eight percent of subjects had 
SBS and 38% of these required some PN, thus, malabsorp- 
tion was much more severe than what would typically be 
seen in children with other conditions causing CD. The 
majority of children required a readily absorbed AAF or 
semi-elemental formula due to significantly reduced in- 
testinal absorptive surface area, intestinal inflammation, 
or both, as well as continuous infusion of tube feedings 
round-the-clock to maximize absorption and meet their 
nutritional and high caloric requirements. Most children 
also had a history of formula intolerance including 
vomiting, abdominal distention and discomfort, and se- 
vere watery diarrhea. Several subjects suffered from intes- 
tinal dysmotUity due to previous ischemic injury to the 
residual bowel, which affected enteral feeding tolerance. 
All were relatively stable at home and most were followed 
closely by a Home Nutrition Support Team. At study 
entry, several of the subjects had reached a threshold in 
terms of the amount of enteral feedings which could be 
tolerated, which precluded ongoing enteral feeding ad- 
vancement with their baseline formula. As the subjects 
were clinically stable at the time of enrollment, it was 
unexpected that most of the children experienced in- 
creased weight gain simply as the result of a change in 
enteral formula. The significant improvements in weight 
achieved by this study population may be due to a com- 
bination of factors: 1) improved efficiency of nutrient 
absorption with the combination of free amino acids, 
medium-chain- and long-chain-triglycerides in EleCare, 
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2) decreased allergic inflammation in a susceptible popula- 
tion with subsequent enhanced absorption, and 3) increased 
caloric retention or increased caloric intake secondary 
to decreased incidence of vomiting and other feeding 
intolerance. 

Five of the children in the CD-C study were on PN at 
enrollment, each of whom had SBS. SBS is the most 
common cause of intestinal failure in children, and the 
complex medical management of these patients includes 
advanced nutritional support [17]. PN is often used to 
provide nutrients for growth and development while the 
bowel undergoes adaptation necessary to transition to an 
enteral diet. However, PN is associated with significant 
morbidity, mortality and financial costs [18]. The duration 
of dependence on PN is significantly related to the percent 
of energy intake received enterally [19], however, transi- 
tioning children with SBS from PN to enteral nutrition 
remains a difficult challenge. In the current study, im- 
pressive improvements in growth were seen in the chil- 
dren with SBS who were dependent upon PN at study 
entry. Their mean weight gain increased more than four- 
fold compared with the three months prior to study enroll- 
ment, and they were able to substantially decrease calories 
from PN without comparable increases in enteral energy 
intake. 

There is a paucity of literature regarding successful 
strategies for weaning patients with SBS from PN to en- 
teral nutrition. However, our finding that an AAF facili- 
tated this process is in agreement with those of others. 
Andorsky et al. [20]. reported that enteral feeding with 
breast milk or an AAF was associated with shorter dur- 
ation of PN for infants with SBS, while Bines et al. [21] 
reported that four children with SBS who had persistent 
feeding intolerance to an extensively hydrolyzed formula 
and who were changed to an AAF were able to cease PN 
within 15 months, stool output decreased dramatically, 
enteral contribution to energy intake increased, and pa- 
tient morbidity and hospitalization decreased. 

A limitation of our study is the small samples sizes and 
the heterogeneity of subjects' clinical conditions. However, 
this heterogeneity can also be a strength, demonstrating 
the efficacy of EleCare for a broad range of clinical indica- 
tions or varying severity. This was particularly evident, in 
the children in the CD-C trial. 

Conclusions 

In summary, we report that children and infants with CD 
fed EleCare for three months displayed improvements in 
growth and clinical symptoms. A notable finding is that 
stable PN-dependent children with SBS grew well and 
decreased their dependence on PN during the study. 
Additional clinical trials enrolling greater numbers of sub- 
jects are needed to determine if longer-term clinical bene- 
fits of AAF can be achieved. 



Abbreviations 

AAF: Amino Acid-Based Formula: CD: CInronic Diarrliea: CD-C: Clironic 
Diarrhea Study in Clnildren: CD-I: Chronic Diarrhea Study in Infants: 
MRSC: Mean Rank Stool Consistency: PN: Parenteral Nutrition: SBS: Short 
Bowel Syndrome: SD: Study Day: WHO: World Health Organization. 

Competing interests 

MWB and GEB are employees of Abbott Nutrition, Abbott Laboratories. 
MO-H has received research funding from Abbott Immunology. 

Authors' contributions 

MWB conceived the studies, participated in the design and coordination of 
the execution of the studies, interpretation of data, and assisted in 
preparation of the manuscript GEB performed the statistical analyses and 
assisted in preparation of the manuscript DLA, MO-H, BK, and VF coordinated 
acquisition and interpretation of data. NDM implemented acquisition of data 
and interpretation of data and LEM implemented acquisition of data, 
interpretation of data, and assisted in preparation of the manuscript All authors 
read and approved the final manuscript. 

Acknowledgements 

The studies reported were supported by Abbott Nutrition (AN), Abbott 
Laboratories, Columbus, Ohio. AN, with the assistance and input of the 
investigators, designed the studies and interpreted the results. AN monitored 
the collection of data and completed the statistical analyses. The authors 
appreciate the assistance of Jane Carver, PhD, who provided medical writing 
services on behalf of AN, Abbott Laboratories. 

Author details 

^Scientific & Medical Affairs, Abbott Nutrition, Abbott Laboratories, 3300 Stelzer 
Road, Columbus, Ohio 43219, USA. ^Pediatric Gastroenterology of Omaha, 
University of Nebraska Medical Center, Omaha, NE, USA. ^Neonatal Care, PC, 717 
N 1 9th Plaza, Omaha, NE, USA. ''Division of Pediatric Gastroenterology and 
Nutrition, Johns Hopkins University School of Medicine, Baltimore, MD, USA. 
^Division of Pediatric Gastroenterology and Nutrition, Johns Hopkins Hospital, 
Baltimore, MD, USA. ^Department of Pediatric Gastroenterology, Children's 
National Medical Center, Washington, DC, USA. 'Providence Hospital, Southfield, 
Ml, USA. 

Received: 31 October 2013 Accepted: 16 May 2014 
Published: 29 May 2014 

References 

1. Bhutta ZA Nelson EA, Lee WS, Tarr PI, Zablah R, Phua KB Lindley K, Bass D, 
Phillips A: Recent advances and evidence gaps in persistent diarrhea. 

J Pediatr Gastroenterol Nutr 2008, 47:260-265. 

2. Guarino A, Lo Vecchio A, Canani RB: Chronic diarrhoea in children. Best 
Pract Res Clin Gastroenter 2012, 26:649-661. 

3. Udall JN Jr, Bhutta ZA, Firmansyah A, Goyens P, Lentze MJ, Lifschitz C: 
Malnutrition and diarrhea: Working Group Report of the First World 
Congress of Pediatric Gastroenterology, Hepatology, and Nutrition. 
J Pediatr Gastroenterol Nutr 2002, 35:S1 73-Sl 79. 

4. Zella GC, Israel EJ: Chronic diarrhea in children. Pediatr Rev 2012, 
33:207-217 

5. Borschel MW, Ziegler EE, Thomas RW, Oliver JS: Growth of healthy term 
infants fed an extensively hydrolyzed casein-based or free amino 
acid-based infant formula: a randomized, double-blind, controlled trial. 
Clin Pediatr 52:910-917. 

6. Sicherer SH, Noone SA, Koerner CB, Christie L, Burks AW, Sampson HA: 
Hypoallergenicity and efficacy of an amino acid-based formula in 
children with cow's milk and multiple food hypersensitivies. J Pediatr 
2001, 138:688-693. 

7. Dupont C, Chouraqui JP, de Boissieu D, Bocquet A, Bresson JL, Briend A, 
Darmaun D, Frelut ML, Ghisolfi J, Girardet JP, Goulet 0, Hankard R, Rieu D, 
Vidailhet M, Turck D: Dietary treatment of cows' milk protein allergy in 
childhood: a commentary by the Committee on Nutrition of the French 
Society of Paediatrics. Br J Nutr 2012, 107:325-338. 

8. Hill DJ, Murch SH, Rafferty K, Wallis P, Green CJ: The efficacy of amino 
acid-based formulas in relieving the symptoms of cow's milk allergy: a 
systematic review. Clin Exp Allergy 2007, 37:808-822. 



Borschel ef al. BMC Pediatrics 2014, 14:136 
http://www.biomedcentral.eom/1 471 -2431 /1 4/1 36 



Page 8 of 8 



9. De Greef E, Hauser B, Devreker T, Veereman-Wauters G, Vandenplas Y: 
Diagnosis and management of cow's mill< protein allergy in infants. 
World J Pediatr 201 2, 8:1 9-24. 

10. Vandenplas Y, Brueton M, Dupont C, Hill D, Isolauri E, Koletzko S, Oranje AP, 
Staiano A: Guidelines for the diagnosis and management of cow's milk 
protein allergy in infants. Arch Dis Child 2007, 92:902-908. 

11. de Boissieu D, Matarazzo P, Dupont C: Allergy to extensively hydrolyzed 
cow milk proteins in infants: identification and treatment with an amino 
acid-based formula. J Ped/otr 1997, 131:744-747. 

12. Hill Dl, Cameron DJS, Erancis DEM, Gonzalez-Andaya AM, Hosking CS: 
Challenge confirmation of late-onset reactions to extensively hydrolyzed 
formulas in infants with multiple food protein intolerance. J Allergy Clin 
Immunol 1995, 96:386-394. 

13. Wang 1, Sampson HA: Food allergy. J Clin Invest 2011, 121:827-835. 

14. Saylor ID, Bahna SL: Anaphylaxis to casein hydrolysate formula. J Pediatr 
1991, 118:71-74 

15. Vanderhoof JA, Antonson DL, Murray ND, Mattis LE Oliva-Hemker MM, 
Attard TM, Saavedra IM, Borschel MW: Evaluation of a free amino 
acid-based medical food (EleCare*) in infants with protein sensitive 
colitis [abstract]. J Pediatr Gastroenterol Nutr 2001, 33:394. 

16. Singh P, Das P, Jain AK, Mathan M, Mathur M, Bhat AS, Varma S, Chaturvedi MK, 
Gupta SD, Bhatnagar S: Microscopic colitis in children with chronic diarrhea. 
J Pediatr Gastroenterol Nutr 201 3, 57:240-244. 

17. Javid PJ, Sanchez SE, Horslen SP, Healey PJ: Intestinal lengthening and 
nutritional outcomes in children with short bowel syndrome. Am J Surg 
2013, 205:576-580. 

18. Ben XM: Nutritional management of newborn infants: practical 
guidelines. World J Gastroenterol 2008, 14:6133-6139 

19 Sondheimer JM, Cadnapaphornchai M, Sontag M, Zerbe GO: Predicting the 
duration of dependence on parenteral nutrition after neonatal intestinal 
resection. J Pediatr 1 998, 1 32:80-84. 

20 Andorsky DJ, Lund DP, Lillehei CW, Jaksic T, DiCanzio J, Richardson DS, 
Collier SB, Lo C, Duggan C: Nutritional and other postoperative 
management of neonates with short bowel syndrome correlates with 
clinical outcomes. J Pediatr 2001, 139:27-33. 

21. Bines J, Francis D, Hill D: Reducing parenteral requirement in children 
with short bowel syndrome: impact of an amino acid-based complete 
infant formula. J Pediatr Gastroenterol Nutr 1998, 26:123-128. 



doi:10.1 186/1471-2431-14-136 

Cite this article as: Borschel et al: Two single group, prospective, 
baseline-controlled feeding studies in infants and children with chronic 
diarrhea fed a hypoallergenic free amino acid-based formula. BMC 

Pediatrics 2014 14:136. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S —s-iui-j roni-rDl 

www.biomedcentral.com/submit \^ Biomea eencrai 



